Introduction
Organ transplantation has been widely accepted as a definitive treatment for organ end-stage disease, and as a result of the increase in chronic diseases, the need for organs grows in parallel. In spite of the positive attitude of the general population toward organ donation, the current number of donors is significantly lower than the number of patients waiting for an organ. This discrepancy represents a challenge for health systems worldwide 1 . Health professionals are a key link in the process of organ and tissue donation for transplantation and, therefore, the influence on the perception of society about organ donation, on the one hand, as educators on health for patients and their families during healthcare, and on the other, as a fundamental element in the care of the hospitalized patient in the context of a devastating cerebral event that might develop into brain death. Doctors receive academic information on multiple and diverse subjects, but the organ donation subject is barely or not addressed during medical training 2 . The cessation of the cardiopulmonary function has traditionally been regarded as a point of reference to pronounce a person's death. Similarly, complete and irreversible loss of cerebral hemispheres and brainstem function also equates to loss of life, both from the biological and legal and ethical point of view. It is characterized by deep coma, the absence of brainstem reflexes and apnea. Identification of such situation is vital for the donation program as an organ-generating source. Brain death detection is an essential task, hence the need of an adequate follow-up of patients with acute neurological damage who might become donors 3 . Transplantation programs depend largely on cadaveric donation, of patients with brain death. Each cadaveric donor can save the lives of at least six persons, restore vision to two, and help hundreds through bone donation. Therefore, since living donation cannot resolve the needs for all organs, donation after brain death constitutes an excellent alternative or the only possibility. One of the main challenges faced by a transplantation program is to obtain a favorable decision of the family in relation to donating their deceased relative's organs. This requires objective information, but delicately put, clearly, but with empathy; hence, the need for the doctor to have the ability to convey the long-range effects such an unselfish, caring act of love might represent to people waiting for an organ. The acquisition of such skills is not the fruit of casualty; it should be developed and practiced since the training stage of medical students 4 . There are studies in foreign universities about medical students' knowledge and attitude with regard to organ donation. The present work is the first one of this kind in Mexico with a large sample (n = 3000). The purpose of this study is to find out the attitude and knowledge of medical students from a northwestern Mexico public university on organ and tissue donation.
Methods
The study had a descriptive, observational, and protective design, in the form of a survey. The study was conducted at the Faculty of Medicine of the Autonomous University of Nuevo Leon (UANL -Universidad Autónoma de Nuevo León), Monterrey, N.L., during the 2013-2015 period. The surveys were applied to 3056 students at different years of the undergraduate medical education program. Surveys with < 80% of answered items (27/34) and those that were not returned were censored.
The surveys were self-administered and were applied at an adequate place that was comfortable for the students. Attitude and general knowledge in regard to organ donation and transplantation were evaluated. The surveys consisted of 34 multiple-choice questions and were obtained from a validated questionnaire on attitude toward organ donation and transplantation (PCID-DTO RIOS: "Donor International Collaborative Project" questionnaire on organ donation and transplantation developed by Rios et al.) (Appendix) [5] [6] [7] . Students' attitude toward organ donation, sociodemographic aspects, prosocial behavior, information and knowledge on organ donation, family, social and socio-cultural interactions and attitude toward the body were assessed from each questionnaire.
In the domain regarding general information on organ donation and transplantation, information obtained by any means was considered to be positive when it expressed acceptance about organ donation, and negative information was regarded as that which included or contained refusal or rejection toward donation. In the knowledge about organ donation domain, understanding of brain death was considered to be positive when the respondent understood that a person in that state was unable to recover and lead a normal life.
The data were collected and analyzed with the SPSS statistical package, version 21. Absolute frequencies, percentages, means, standard deviation, and the Chi-square test, were used. p < 0.05 was considered to be significant.
Results
A total of 3056 interviews were included; students' mean age was 20.3 ± 2.4 years; 53.3% were males and 46.7% were females; 93% had the Mexican nationality, and 27.7% were at 1 st year of the undergraduate medical education program. Up to 74% of the students would be willing to donate their organs, and the main reason to do it would be reciprocity in 41%; of 26% of students who would not donate their organs, 48% referred fear of their organs being taken before being dead as the main reason not to do it. Among the students' prosocial attitudes, 67% were found not to be blood donors but would be willing to, and 58% did not collaborate in non-government organizations, voluntary service or social assistance, but would be willing to do it.
Regarding information and knowledge about organ and tissue donation, 24% of the surveyed students were found to know somebody who had required or received an organ transplantation, 90% did not know anybody who had donated organs y, and 94% believed that the needs for organ donation and transplantation were not covered. 50% had received some talk about organ donation and transplantation and 78% considered a talk about donation would be interesting for them. Of the surveyed students, 37% considered their knowledge on organ donation to be normal, and 33% considered it to be poor; the means of communication the surveyed students had obtained information on donation and transplantation from was mainly television, with 78% ( Fig. 1) . When the knowledge about the causes a person may require a transplant for was assessed, 73% considered the need for an organ transplantation during their lives as a consequence of any disease to be possible, and when assessing the knowledge about the consequences of donating an organ, the surveyed students stated that donating a segment of the liver (48%) or one kidney (55%) while still alive entailed some risk for the donor. With regard to the level of understanding of the brain death concept, 68% understood the concept, 23% had doubts, and 9% did not understand it.
When the students' familiar and social interactions were assessed, 64% were found to have discussed the organ donation, and transplantation subject with their families and, within the family, mothers mostly expressed a favorable opinion (48%) in comparison with fathers (41%); 67% had addressed the subject with friends, and 30% were unaware of their boy/girlfriends' opinion ( Fig. 2 ). 86% would be willing to donate some relative's organs. 70% would be willing to accept a liver transplantation donated by some living relative in case of requiring it. 94% would donate one kidney, and 91% would donate a liver segment to a relative, but only 51% would donate one kidney, and 52% a liver segment to any other person requiring it (Fig. 3) .
Within socio-cultural characteristics, 40% of the students were found to be non-practicing Catholics, and 59% believed their religion was in favor of organ donation and transplantation. 33% would consider an abuse of authority a legislation that would allow the state to make use of corpses' organs without previous authorization, 31% considered this an efficacious measure to avoid wasting, 17% considered this as an offense to the family of the deceased, and 13% as a gesture of solidarity. 40% completely trusted their family doctors. In regard to medical students attitudes toward the body, 57% would not mind their body being left with scars or mutilated after the donation of one of their organs and, after their own death or the death of a relative, 79% would agree on the performance of an autopsy, 71% would prefer cremation and 54%, inhumation.
A significant difference was observed when students who would be willing or not to donate their organs were compared according to gender (males: 1094/1561, 70%; females: 1074/1365, 79%; p < 0.001), by age groups (p < 0.001), according to ongoing undergraduate year (p < 0.001) and according to whether they had received a talk about organ donation and transplantation (did receive one: 1174/1476, 80%; did not receive one: 1013/1475, 69%; p < 0.001) (Table 1). When the understanding of the brain death concept was compared according to the undergraduate year, the higher the number of completed years was observed to result in higher numbers of students with such understanding (the concept was understood by 465/834, 56% of 1 st year students, as compared with 195/222, 88% of 6 th year students; p < 0.001) ( Table 2) .
Discussion
There are studies that have reported the knowledge and attitude of medical students with regard to organ donation in foreign universities, with different curriculum to that used in our country's public universities 8 . However, there are no studies of this sort conducted in Mexico, and the present work, with over 3,000 students, might, therefore, be a reflection of the opinion on the subject future health professionals have in other states or similar countries.
The results of the present study, similar to observations reported by Kose et al. 9 in 2015, show that at least one-fourth of the surveyed individuals had received information on the subject and knew somebody who required or had received an organ transplantation, which is also similar to Najafizadeh et al. 10 findings. In those who had received information, television was the main means of diffusion, which is consistent with reports by other authors 4, 9 . Although three-quarters of the surveyed students expressed being willing to donate their organs, half of them would do it only if it was for some relative. The main reason for willingness to donate was reciprocity, while other groups report that it is the ethically and morally right thing to do and the best way to help others 4, 9 . In this study, the main reason not to donate was fear of organs being taken before being dead. In other studies, the idea prevailed that the person should be buried with his/her intact organs, or that donation represented an unacceptable mutilation 1, 4, 8, 9 . The fact that half the students that would not donate express fear that organs could be taken before being really dead would seem to demonstrate mistrust toward the health system or lack of real understanding of the meaning of brain death, i.e. loss of life that is equivalent to "traditional death" due to irreversible cardiorespiratory arrest. More than half the students referred understanding the brain death concept, especially those who were at higher undergraduate years, similar to the report of a CENTARA previous study 11 , and lower to findings described by Najafizadeh et al. 10 and Tawil et al. 12 in their studies.
The present work revealed that two-thirds of surveyed individuals had talked about donation with their family or friends, which is a higher figure than those found by Symvoulakis et al. 8 and by other surveys carried out in the general population in Mexico 13 . These students showed a more favorable attitude toward donation than those who hadn't done it. We consider it is of paramount importance addressing the subject with the family to identify attitudes and for these to be eventually respected.
As regard living organ donation, practically all students expressed being willing to donate one kidney or liver segment to some relative, and half of them, to a non-related person, especially to children. The majority is concerned about surgical risks or later impact on the donor's health 14 . Also unanimously, they would be willing to accept an organ from a relative in case they needed, which is in contrast with studies in other countries, where nearly half of respondents would not feel comfortable with the possibility of receiving an organ from some relative 14 . In the light of the possibility of legislative modifications that would allow making use of dead persons' organs without previous authorization, although onethird considered it to be an efficacious method in order for organs not to be wasted, half the students perceived this as an abuse of authority or an offense to the family of the deceased, and an only a small proportion saw it as a gesture of solidarity. These results are consistent with opinions expressed by Greek students, who were in favor of prohibiting unauthorized organ removal after any individual's death 8 . Talking about an organ donation successful process would imply, among other things, availability of trained, sensitive professionals willing to honestly offer information to the family of a patient with brain death. Still today, this constitutes a barrier for different reasons: lack of knowledge, lack of time, sense of therapeutic failure, etc., which make for potential donors less likely to be identified and become involved in the process 15 . Radunz et al. 16 argue that a positive attitude of health professionals and adequate information can positively influence on the decision of the family members by helping for misconceptions or myths about donation to be eradicated. Educating doctors on this subject since their student years is crucial 17 . In this same direction, Cheung et al. 18 proposed a Selected Study Model to allow students to explore medical areas that are not part of the regular curriculum, and García et al. 19 , in Brazil, implemented a course directed to undergraduate medical students where subjects such as brain death diagnosis, donor potential preservation, legal aspects, and main organs' transplantation were addressed.
Similarly, in Spain, the University of Barcelona and the National Organization of Transplantation developed an international educational project (transplant procurement management) on donation and transplantation to educate and motivate professionals involved in the process of donation and transplantation. Its main goal was to increase organ and tissue availability by creating awareness that organs are social goods 20 . As students and interns become involved in identifying patients with brain death, transplantation hospital programs will be benefited 3 . The factors more strongly associated with the donor status (being or not being one), other than the cognitive ones, are factors of social nature, altruism, solidarity, participation in non-government associations, and other social-oriented works. Society and technology evolve hand in hand, and individuals have adopted trends marked by social networks, which may positively impact on organ donation by inviting the population to become donors 20 . Linking "viral" social networks with social causes represent an effective communication strategy with regard to organ donation 21 . Studies conducted at Johns Hopkins Hospital describe that the rates of donor registry increased once Facebook enabled users to specify the "Organ donor" status as part of their profile from 2012 onward. A small impact can multiply by means of an enormous communication network, which might be sufficient to eventually save many lives 22 . Different collaborative studies with Spain, the country with the highest donation rate worldwide, revealed that the attitude toward a donation of health professionals, medical trainees and administrative personnel of hospitals in our country was similar or even more favorable than in workers of Spanish centers, with real knowledge about brain death also being better [23] [24] [25] . This theoretical similitude is in contrast with the disparity in donation productivity, which is still very low in Mexico and, curiously, donation rates of Latin American residents in Spain are much higher than those in their countries of origin 23 . The experience acquired over decades with donation and transplantation procedures in Spain, professionalization of such activity and universal access of the population to transplantation programs are factors that likely motivate organ donation acceptance 24 . It is more convincing "to give" when people know they will have the possibility "to receive" if it's required.
The results of the present study show that very few students have received information on organ donation at their arrival to college. Notwithstanding, the vast majority showed a favorable attitude and would be willing to donate an organ of their own, both while being alive and after death. The level of understanding about brain death was acceptable. This is in contrast with the low rate of donation in our country. The surveyed subjects considered donation as an altruistic and voluntary act that should not be the result of an obligation. The diffusion of these topics among the population since early ages, making an emphasis during the health personnel training stage, should constitute a key factor to enable to donation increase in Mexico in the future. The doctor will play a key role in this life recycling process.
APPENDIX

Questionnaire on organ donation and transplantation (college students)
Read carefully the survey and cross or circle the chosen option. Select several options if you consider that any question has more than one possible answer. Thank you for your collaboration. 
